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Abstract: Introduction: In vitro maturation (IVM) infertility treatment in women with infertility problems - 
for example, polycystic ovary syndrome (PCOS) or ovarian hyperstimulation syndrome (OHSS) re-
duces the amount of gonadotrophin medications, thereby reducing the cost of treatment. This study 
aimed to investigate the effect of alginate three-dimensional culture on maturity of immature hu-
man oocytes and the amount of 8-cell embryos produced by sperm injection to oocyte cytoplasm 
(ICSI). 
Materials and methods: This experimental study was conducted in Mahdieh Infertility Research 
Center from 2015 to 2017.  A total of 70 immature oocytes from the female ovary to candidate for 
fertilization were selected and divided into two control and experimental groups. In the control 
group, the basic culture medium (TCM199, FSH 0/75, FBS10 %) and in the experimental group, the 
basic culture medium with the alginate was used. Then, the mmature oocytes were fertilized by ICSI 
and 8-cell embryos was evaluated by reverse microscope. Quantitative data was analyzed using the 
ANOVA statistical method and SPSS software at significant level of a P<0.05.  
Results: The amount of maturity of immature oocytes to MII metaphase stage and the arrival of the 
embryos to the 8-cell significantly increased in alginate group compared to the control group 
(P<0.001). 
Conclusion: Results demonstrated that alginate can increase the maturity of immature human oo-
cytes and also increases the rate of embryos reaching the 8-cell stage. 
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 ssisted Reproductive Technologies (ART) is a 
kind of protocol for ovulation stimulation in or-
der to increase the number of oocytes available 
for fertilization (1). In Vitro Maturation (IVM) can be ap-
plied as an alternative and promising technique for the 
development of immature oocytes in laboratory condi-
tions for some patients, including those with ovarian hy-
perstimulation syndrome (OHSS) and polycystic ovary 
syndrome (PCOS) (2).  
IVM is considered as one of the fertility preservation 
methods to achieve a mature oocyte. Therefore, one of 
the most important steps in the production of an em-
bryo is maturation of immature oocytes that have been 
stopped at the stage of  I  meiosis prophase (3). The sim-
ultaneous evolution of the nucleus and oocyte cyto-
plasm is an important criterion for maturity. Also, the 
maturation of the oocyte leads to the production of 
cheap and abundant embryos (4, 5).  
The necessity of maturation of oocytes in the laboratory 
to reduce the problems caused by excess OHSS in recent 
years has been taken into consideration by embryolo-
gists (6). The efficiency of oocyte maturation in the la-
boratory has been significantly increased in new repro-
duction techniques (7).  
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Laboratory maturity of mammalian oocytes was re-
ported in rabbits by Enzmann and Pincus in 1935 (8), 
however, in humans, laboratory studies of puberty be-
gan with Pincus in 1939 (8). In 1962, Edward showed 
that mmature human oocytes can be fertilized in vitro 
culture medium (9) and the first successful birth was re-
ported using this method in 1991 (10). Afterwards, they 
sought to examine different compounds in the maturity 
of immature oocytes and increase the amount of IVM 
culture media. Cultures contained chemicals materials, 
different amino acids, antibiotics, biological and protein 
materials (11). Different types of blood serum are added 
to the environment as supplementary material that play 
an important role in the culture medium (12). Since 
1960, TCM199 was the most important culture medium 
for mammalian oocyte. Although, currently, few re-
search laboratories tend to use this culture medium by 
adding serum and other growth factors (13). 
The physical and chemical properties of the matrix are 
considered as the most important factors in the selec-
tion of a matrix suitable for the 3D culture system (14). 
Non-toxicity of the matrix and proper porosity are other 
critical factors for the 3D culture system (14).  Alginate 
is a natural polymer produced by brown algae that con-
sists of glucuronic acid (a-L-Guluronic acid) and mannu-
ronic acid (b-D-Mannuronic acid) polymers (15). After 
grafting in the presence of calcium, alginate hydrogel is 
formed with no need for chemicals, light or tempera-
ture. The concentrations used for the alginate hydrogel 
should allow the exchange of food or hormones to give 
oocytes (16). Due to its ability to gel and high viscosity 
of alginates in aqueous solutions, this material is widely 
used. Alginate is characterized by the ability to produce 
hydrogel in physiological conditions, mild gel separa-
tion for cell retrieval, transparency for microscopic eval-
uation and gel pore porosity network for the release of 
nutrients (17). 
Because of the importance of oocyte matura-
tion in the culture medium for the treatment of 
infertility in this research, the effect of alginate 
was studied as an effective factor on the devel-
opment of immature oocytes and the develop-
ment of embryos in the culture medium. 
 
2. Method 
2.1. Study design and setting 
This study was conducted in the Mahdieh Hospital of 
Tehran for 12 months from 2015 to 2017. The oocytes 
needed for this study were obtained from IVF female 
candidates who referred to the hospital and were 
treated with hormonal medications like FSH and HMG. 
None of these women’s had OHSS. The ovaries of all pa-
tients were evaluated by continuous ultrasonography. 
All of them received 10,000 units of HCG hormone 36 
hours before ovulation. During ovulation, some follicles 
are retrivaled less than 18 mm, which are related to im-
mature oocytes. The oocytes are covered in this stage by 
granulosa cells and the diagnosis of mature and imma-
ture oocytes is difficult that granulosa cells were re-
moved using hyaluronidase enzyme.  In fact, immature 
oocytes are unusable for patients with ethical consider-
ations and patient satisfaction was also obtained.  
Germinal vesicle (GV) oocytes obtained during this 
study were randomly divided into two-dimensional me-
dia (n=35) and alginate (n=35).  GV of each group were 
placed in the culture medium and covered with mineral 
oil (Ovoil, Vitrolife, Sweden). Then, there were placed in 
a 37 ° C incubator with 5% CO2 for 24 hours. In the next 
stage, the laboratory maturity stages and restoration of 
the meiosis were studied by reverse microscope (Olym-
pus, Japan). Oocytes unchanged in the nucleus were 
considered immature oocyte and oocytes with a polar 
body were considered mature oocyte. Mature oocytes 
were used for fertilization using ICSI method and for 
this process, sperm was used by his spouse. Then, 2 μl 
of the sperm were placed in a drop of PVP (Vitrolife, 
Sweden) in plate containing a mature oocyte. After ICSI, 
fertilized oocytes were examined for 72 hours to 8-cell 
stage.  
Basic culture medium for maturity of GV oocytes was 
TCM 199 (Gibco), Fetal Bovine Serum (FBS) (Gibco), 
pen/strep (Sigma), LH and FSH0.075IU/ml (Gonal-F, 
Sereno). Oocytes in the culture medium inside the 50 
microliter droplets, the incubator medium containing 
5% with a 95% humidity was placed. After 24 hours, oo-
cytes under microscope were evaluated for determining 
the stages of growth and maturity. 
2.2. Preparation of hydrogel alginate: 
Initially sodium alginate (SIGMA) combined with phos-
phate-buffered saline (PBS) (SIGMA), and after being fil-
tered, a 0.25 μm filter was kept at 4 ° C in the refrigera-
tor.  GV oocytes were separately transferred to a 5 mi-
croliter drop of sodium alginate. Then, for the formation 
of calcium and hydrogel grafts, droplets containing GV 
oocytes were transferred to a calcium bath using a mi-
cropipette, combining 140 ML of CaCl2 (MERC) and 50 
ML of NaCl (MERC). After 2 minutes, drops of alginate 
gel were collected from the calcium bath and washed in 
the medium. Then, each GV was transferred to a drop of 
alginate by pipettes in 96-well plates.  
2.3. Statistical analysis: 
Data pertaining to oocyte maturation were analysed by 
SPSS software performing ANOVA test for control and 
treatment groups. A significance level of p<0.05 was 
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used throughout this study. 
 
3. Result 
Analysis of the resumption and reproductive maturity 
of immature oocytes in the alginate group compared to 
the control group showed that 35 immature oocytes 
(Figure 1) from the control group received 72% meta-
phase 2 (Figure 2) after 24 hours. Moreover, 35 oocytes 
in the alginate group received 85/15% metaphase 2 af-
ter 24 hours. Statistical analysis revealed that there is a 
significant increase in the maturity of the samples in the 
alginate group compared to those in the control group 
(Figure 3). 
The examination of the reproductive maturity of the oo-
cytes 72 hours after the ICSI process showed that ferti-
lized oocytes in the control group were 67% in the 2nd 
stage of the cell and 33% in the necrosis. Of the fertilized 
oocytes in the alginate group, 20% of the embryos were 
in the 2-cell, 28% of   the embryos were in the 4-cell and 
32% were in the 8-cell stage (Figure 4). Oocyte maturity 




The results of this study showed that the GV oocyte in a 
three-dimensional culture of alginate caused a signifi-
cant increase in the degree of maturity and develop-
ment of oocytes and increased the fertilization rate. In 
the alginate group, it was found that the maturity was 
significantly different from the control group. 
Laboratory maturity of human oocytes is a reproductive 
technology with many benefits. The success of these 
steps involves the maturity of the nucleus and the cyto-
plasm (18). When an oocyte grows, it will be able to con-
tinue and complete the meiosis. Cytoplasmic changes 
such as transcription, translation may also occur (19).  
The use of gonadotropins as a well-known method to in-
duce growth increases the number of follicles and ovu-
lation in animals and humans (20).  In this study, r-FSH 
hormone was considered as one of the main factors in 
cytoplasmic and nuclear maturity of immature oocytes. 
The results of this study showed that hormones can im-
prove the experimental maturity of the oocytes. 
Lechniak et al conducted a study on sheep oocysts and 
reported that in a culture medium containing a gonado-
trophin hormone, the oocyte maturation is higher (12). 
The present study showed that the addition of gonado-
tropin to the culture medium improve maturity of the 
oocytes. Bolamba et al. carried out studies on dog oo-
cytes and concluded that the percentage of oocytes 
stopped at the GV stage is much lower in culture con-
taining gonadotropin (21). They suggested that they 
have to provide conditions other than the addition of 
hormones in media culture to improve oocyte matura-
tion (21).  
Few studies on the mechanical properties of alginate hy-
drogel and its effect on development and maturity oo-
cytes have been carried out. Most studies have been fo-
cused on the culture of follicles in the alginate environ-
ment and have demonstrated that alginates improve 
ovarian follicular culture conditions (22).  Min Xu et 
2008 evaluated the follicle growth and oocyte matura-
tion in mice by culture in alginate. They stated that sec-
ondary follicle growth and oocyte maturation could be 
 





Figure 2: Human adult oocyte in the MII stage with polar 
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successful in alginate culture (22). Stouffer et all 2011 
studied on secondary follicle growth and oocyte matu-
ration in in alginate. They demonstrated that culture 
conditions can support secondary follicle growth to the 
antral stage and oocyte maturation to the MII stage (23). 
Laronda et all evaluated human oocytes in three-dimen-
sional coculture and reported that using 3D media pro-
vides better conditions for oocyte maturation (24). In 
the present study, the maturity of premature oocytes in 
alginate culture media is higher than that of two-dimen-
sional medium and results are consistent with previous 
studies. No 8-cell embryos were observed in the control 
group, however, in the alginate group 32% reached the 
8-cell stage. These results indicate that alginate im-
proves the growth and development of fetal divisions. 
These results can be discussed with regard to the phys-
ical properties of the hydrogel and the exchange of en-
vironmental compositions via hydrogel. The mechanical 
properties of the hydrogel depend on a variety of fac-
tors, such as the volume of the polymer and its bonds. In 
addition, the hydrogel constructs a lattice structure of 
alginate around oocytes and thus allows the exchange of 
essential hormones and proteins for the development of 
oocyte (15).  
Further studies are also suggested in order to achieve 
optimal culture medium for oocyte laboratory maturity, 
development of the primary embryo and recognition of 
the exact mechanism. 
 
5. Conclusion 
The results of this study showed that using alginate can 
increase oocyte maturity and improve the embryo. Fur-
ther studies are required on immature oocytes, and if 
possible, the embryos from these oocytes are trans-
ferred to the uterus and the pregnancy rate is also ex-
amined.   
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Figure 4: 8-cell embryo from fertilization of adult oocytes 




Figure 3: :  Comparison of oocyte maturity in control 
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